June 17, 1952 H.R. MOULTON 2,601,123 
COMPOSITION FOR REDUCING THE REFLECTION 0F LIGHT 
Filed April 5, 1947 

IN;IENTOR. 
HAOLD . MOULTON 
BY " 
ATTONY 



Patented June 17, 1952 

UNITED STATES PATENT OFFICE 

2,601,123 
COMPOSITION FOR REDUCING THE 
REFLECTION OF LIGHT 
ïarold R. lIoulton, Souhbridge, lIass., assignor 
fo American Optical Company, Southbridge, 
lV[ass., a vohmtary association of lIassachusetts 
Application April 5, 1947, Serial No. 739,544 
î2 Claims. (CI. 106--287) 
1 
This invention relates fo novel coating com- 
positions useful OEor reducing surface reflections 
of articles fo which they are applied. 
This application is a continuation in part of 
my copending application, Serial No. 478,980, 5 
flled Match 12, 1943, now Patent No. 2,432,484 
issued December 7, 1947, which was a continua- 
tion in part of my abandoned application, Serial 
No. 452,356 filed July 25, 1942. 
One of the principal objects of the invention 10 
is fo provide novel compositions for use in reduc- 
ing the reflection of light impinging upon the 
surface of an article whereby, in the case of an 
opaque article the reflectivity of said articles will 
be reduced. 15 
Another object is to provide simple, efficient 
and economical compositions useful for providing 
articles with coatings having the above charac- 
teristics. 
Another object is to provide surface coatings 20 
of the above character which are relatively dur- 
able and permanent. 
Another object is fo provide new and improved 
compositions which may be applied fo the com- 
pleted articles so as fo produce coatings of the 25 
above character. 
Another object is fo provide an article with a 
reflection reduction coating thereon and fo pro- 
vide said reflection reduction coating with a 
bonding coating with substantially no altering 30 
of the reflection reduction characteristic of the 
initial coating« 
Another object is fo provide a unitary coating 
mixture having embodied therein means for re- 
ducing surface reflections and means for tender- 35 
ing said coating more resistant fo removal. 
Another object is to provide novel means and 
method of producing a coating mixture which 
wfll retain desirable working characteristics. 
Another object is fo provide novel means and 40 
methods of rendering a coated article more re- 
sistant fo impact, more resistant fo rapid tem- 
perature changes and strong temperature gradi- 
ents without damage to the coating. 
Another object is fo provide a surface coating 5 
composition which may be more uniformiy ap- 
plied fo the articles fo be coated through the 
reduction of surface tension of the coating com- 
pound. 
Another object is to provide novel means and 50 
methods of modifying surface coating composi- 
tions of the character described OEor rendering 
them more adaptable fo particular coating con- 
ditions. 
Another object is fo provide new and improved 55 

2 
means of fortifying surface reflection reducing 
coatings which inherently are readily susceptible 
fo injury and novel compositions for applying 
said fortifying means with the applications of 
said non-reflection coating. 
Other objects and advantages of the invention 
will become apparent from the following descrip- 
tion and if will be apparent that many changes 
may be ruade in the specific compositions and 
formulae shown and described without departing 
from the spirit of the invention as expressed in 
the accompanying claires. I, therefore, do hot 
wish fo be limited fo the exact details OEormulae 
and compositions shown and described as the 
preferred ones only bave been given by way of 
illustration. 
In the drawing» Figure 1 illustrates in diagram- 
matic form a highly magniiïed fragmentary sec- 
tional view of an article having a surface reflec- 
tion reducing and transmission increasing coat- 
ing on a surface thereof according fo the inven- 
tion. 
Figure 2 illustrates  more highly magnifled 
fragmentary cross-sectional view thereof. 
In following the teachings of the invention the 
article |@ which is fo be coated may be of a light 
transmitting nature such as glass plates, lenses, 
prisms or other optical elements and similar ele- 
ments formed of plastics or artiflcial resins. In 
this particular instance, the element, as stated 
above, is fo have light transmitting properties 
and finished optical surfaces thereon. 
In the present instance, the articles reerred 
fo are particularly of the type which are adapt- 
ed for use in telescope systems, fleld glasses, 
binoculars, projectors, camera lenses, periscopes, 
windows or for any other uses in which the light 
is adapted fo impinge upon a surface of the ar- 
ticle. The article may be of glass, plastic or other 
material. The surface |2 of said articles |9, in 
order fo reduce surface reflection and fo increase 
light transmission, is initially cleansed, if neces- 
sary, and is then coated with a layer of discrete 
sub-microscopic micro-granular nearly spheri- 
cal substantially equi-dimensional particles |  of 
transparent solid anhydrous material. 
One method of obtaining such particles con- 
sists of ball milling for a prolonged period of 
rime (several weeks or months) a transparent 
solid material such as magnesium fluoride, stron- 
tium fluoride, lithium fluoride, barium fluoride, 
calcium fluoride, quartz, cryolite, glass, corun- 
dura, etc. in a liquid inert fo the particular ma- 
terial (that is, OEree from solvent action on if) 
until the particles are slflïciently small and in 
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3 
the size range given hereinafter to function as 
described. Auother method, particularly adapt- 
able to produce such particles of silica consists oî 
chemically reacting in a water solution a soluble 
silicate such as sodium silicate with an acid such 
as hydrochloric acid and dialyzing the resulting 
gel until substantially free from electrolyte. The 
water then can be replaced in whole or in part bY 
an organic solvent, such as ethylene glycol mono 
ethyl ether, alcohol, ethylene glycol monomethyl 
ether, etc., the concentration of solids (silica) 
adjusted to the desired concentration, and used 
to produce the type of coating described. \/hen a 
uniformly dispersed co!loidal suspension of such 
discrete, sub-microscopic, micro-granular, near- 
ly spherical, substantially equi-dimensional, 
transparent solid anhydrous particles is applied 
to the article } in a substantially uniform liquid 
layer and the liquid portion of the suspension 
evaporated, it has been round that the particles 
group themselves in mounds or irregularities 
substantially as shown in Fig. 1. 
The surface of the article  will then be 
coated with a plurality of said particles piled in 
the form of minute projecting porous mounds or 
irregularities as shown in Fig. 1 with the con- 
centration of the particles increasing as the sur- 
face of the article is approached whereby a layer 
is produced in which the index of refraction 
varies from substantially unity at the outer or 
layer air surface thereof progressively and uni- 
formly fo an index of refraction approaching 
that of the article itself at the inner or layer- 
article surface thereof. In order to reduce the 
light reflecting fron the surface of the coated 
article, and to increase transmission of light 
through said article as well as to avoid excessive 
haze and scattering of light, the particles must 
be substantially smaller than a wave length of 
light in size. Preferably the particles are in the 
neighborhood of 600 ïk. or less in diameter. The 
particles should be substantially anhydrous, 
solid and isometric or nearly spherical and equi- 
dimensional in shape to permit a pilLn into por- 
ous mound-like clumps. For this reason, parti- 
cles of a gel-lLke hydrated $1brous nature are not 
desirable inasmuch as said particles would tend 
fo mat into a non-porous mass. The clumps of 
particles likewise should be spaced apart less 
than a wavelength of light to insure minimum 
reflection of the light. Coatings produced ac- 
cording to the invention have extremely low re- 
flectivity, of the order of 0.3% per surface for 
white light. 
Because of its chemical inertness and stability 
in the form of a sol a suspension of silica par- 
ticles in water er other suitable solvents such as 
ethylene glycol monoethyl ether is most useful 
for this purpose. A mixture of solvents also rnay 
be used. 
In instances when the coating is to be formed 
of silica, a commercially avaflable silica aquasol 
such as prepared and sold by the Monsanto 
Chemical Company of Everett, Massachusetts, is 
preferably used for obtaining silica particles hav- 
ing the desired characteristics. Said materia! 
has a chemical composition which comes within 
the followLug formula: 

Silica particles ............. per cent__ 10 to 12 
Sodium oxide ............. do .... less than 0.05 
Fe203-{-AhO3 ................. do .... about 0.1 
and the balance water 
pli ................................. about 9.5 

4 
The silica particles contained in said material 
sre discrete, micro-granular, transparent and 
isometric or nearly spherical and equi-dimen- 
sional in shape, solid and anhydrous in nature, 
5 and from 600 to 625 /i. in diameter. 
in instances where the coatLug is to be îormed 
of rnaterial other than silica, as for instance of 
magnesium fluoride, preferably the material is 
reduced to proper shape and size by prolonged 
10 ball millLn as referred to above. 
A.solution containing from 0.1 to 6 per cent 
by weight of said sub-microscopic, discrete, . 
micro-rsnular, transparent, so!id, approxi- 
mate!y equi-dimensional partic!es in water when 
13 applied to the surïace of the transparent mate- 
rial, it has been round by experiment, produces 
a coating of the nature described which is highly 
efficient. This coating may be applied in several 
ways. The lens or other articles may be 
20 meïsed in the liquid, removed and immediately 
spun to remove excess liquid or the article to 
be coated may be spun and while stfll spinning 
a suitable quantity of the suspension poured 
upon it or otherwise applied. The speed of spin- 
25 ning and the concentration of the solution are 
the controlling factors as to tle amount remain- 
ing on the surface and therefore the resultant 
thickness of the coating, any excess being spun 
or thrown off. Upon evaporation of the solvent 
30 in either case the particles ] remain attached 
to the surface ]- of the article . The surface 
then consists of a dry coating of said minute 
projecting porous mound-like structures or ir- 
regularities that are spaced apart considerably 
3 less than the wave lengçh of the light, with the 
concentration of said particles in said irregulari- 
ries increasing as the surface of the article is 
approached whereby there is a gradual prou-es- 
sire increase of effective index from approximate 
0 unity at the layer-air interface to a value ap- 
proachin that of the substrate a the layer-sub- 
strate interface. 
The thickness of said coating may be varied 
over a relatively wide range and stfll effectively 
43 reduce surface reflections. Although in the pro- 
duction of the "interference-type" reflection re- 
ducing layers of the prior art, it was considered 
essential that the thickness of the layers be 
maintained at some odd multiple of a quarter 
0 wavelength of light, such a careful thickness 
control of applicant's coatings is hot necessary. 
However, the thickuess of the coatin does affect 
the color of the reflected light and consequently 
the transmitted light, it, therefore, is desirable 
55 to maintah the thickness approximately at a 
quarter wavelength of light and in general it has 
been round that the raost efficient layer is one 
which reflects a reddish purple color. 
The concentration of a solution which wfll 
60 produce a layer or coating of such thickness 
pends upon its method of application. For 
ample, if the solution containing the particles 
colloidally dispersed therein is poured on to a 
plate spun at 1800 1%. P. M. (revolutions per 
65 minute) or if the plate is first dipped into the 
solution and then spun at said 1800 1%. P. M., a 
solution containing approximately 3% particles 
would produce such a layer. If the velocity of 
spinning were increased to 2200 1%. P. M., an ap- 
70 proximately 3.1% concentration of particles 
would be used. If the velocity were increased 
to 4000 1%. P. Nf_., an approximately 5% solution 
would be used. If the velocity were decreased 
to 1000 1%. P. M., an appïoximate 1/2% concen- 
75 tration would be used. The higher the speed of 
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rOtation of the article, the higher the concentra- 
tion of the solution can be; and the slower the 
speed of rotation, the lower the concentration 
of the solution. 
In the case o articles which are coated by be- 
ing dipped into the solution and withdrawn con- 
tinuously, the more rapid the withdrawal, the 
lower the concentration of the particles Lu the 
solution and, conversely, the lower the rate of 
withdrawal, the more concentrated the solution 
should be. For example, where the rate of with- 
ch'awal is approximately four Luches per minute, 
an approximate 4% solution would be used, 
while if the rate oç withdrawal were Lucreased 
to 12 inches per minute, the concentration of 
particles in the solution should be correspond- 
LUgly reduced to about 2 %. 
If the coating is to be applied by sprayLug, 
generally a 3 oî 1% concentration has proved 
most satisfactory. Itis tobe understood that 
the pressure at the nozzle of the spray gun of 
the impelling gas, the distance of the spray gun 
from the article tobe sprayed, the viscosity of 
the solution are all variations which may be in- 
dependently varied but must be controlled ac- 
cording to the concentration of solution used. 
In general, however, it has been round most sat- 
isfactory to use the above mentioned concentra- 
tion while varyLug the distance of the nozzle of 
the spray gun from the article accordLug to the 
size of nozzle, etc. 
Several other methods of application should 
be readily apparent as by paLuting, swabbing or 
the like. In general a 3 of 1% concentration 
used in said instances. Said latter methods 
are, however, subjected to a certaLu amount of 
streakiness. Although where convenience of ap- 
plication and hot appearance is important, these 
latter methods may be used. 
Regardless of the method used, for best re- 
sults the rate of withdrawal, spinning, etc., 
gether with the concentration of particles in the 
solution, and the volatility of the solvent used, 
are all factors whichshould be considered so as 
fo apply a substantially uniform layer of the 
solution, and fo avoid as much as possible, drip- 
Ring, streakings and resultant color blotching 
or irregularities of appearance. For most e- 
cient results, where the dipping and continuous 
withdrawal method is used, a rapidly evaporating 
solvent such as one of the alcohols would be 
preferred. Where the article is fo be spun, sol- 
vents having a relatively low rate of evapora- 
tion, such as ethylene glycol mono ethyl ether, 
are best. The criterion in all cases is the ap- 
pearance of the coat after the solvent has evapo- 
rated. As stated above, the most advantageous 
coat is one in general which appears reddish 
purple by refiected light. I the coating is too 
thick the trend is toward the blue but if the 
thicknes of the coating is increased above that 
which will produce a blue cast, red, yellow, green 
or blue coats may result, indicating that there 
is some influence of thickness upon the color of 
the reflected light. I the coating is extremely 
rhin the eciency will be relatively low as to 
the reduction of surface reflections. As the 
thickness is increased to a point still under that 
which will produce the red purple reflection, the 
color of the reflected light passes through a 
brown stage indicating that the surface refiec- 
tion reduction is not ai ifs maximum and that 
the thickness of the coating resulting from the 
evaporating of the solvent carrying the dispersed 
colloidal material is too rhin. A little experi- 

6 
ence in one or two preliminary tests will serve to 
correct and overcome any difliculties which may 
arise because of the wrong thickness being 
plied. Once a method of application has been 
5 selected the easiest control consists in varying 
the concentration of the colloidal suspension 
by the addition of suitable solvents such as set 
forth herein. Even too thick a coating unless 
if greatly exceeds the thickness which will pro- 
I0 duce the red purple is still rather ecient but as 
a few trials will indicate the proper dilution for 
the given method of application if is clear that 
the red purple should be aimed ai. For example, 
it may be desh'abe, in order fo compensate for 
15 the color absorption in the transparent sub- 
strate, to reflect selectively certain portions of 
the spectrum whereby the sure total of the 
effects of absorption and reflection will be neu- 
tral or uncolored or it may be desirable in cer- 
2o tain of the components of an optical system to 
introduce an intentional slight distortion of the 
color of the transmitted light in order to com- 
pensate for an opposite distortion in other opti- 
cal elements thereby, functioning as compen- 
z5 sating means. It should again be stressed that 
the method of reflection reduction described is 
a general one wherein the actual transparent 
sub-microscopic anhydrous solid micro-granular 
approximately equi-dimensional particles used 
o would be selected with due regard fo their chez- 
ical and physical stability. Ai the present rime 
the composition of choice is silica but for spe- 
cial uses materials more sensitive chemically 
and lhysically might be used such as the fluo- 
3. rides mentioned above. 
The actual particles need not be of an inor- 
ganic nature. As long as the particles fulfill the 
other requirements of transparency, micro- 
granularity and sub-microscopic size, and are 
 solid, anhydrous and not gel-like in nature, they 
wiH also be effective in producing surface 
flection reduction but in general the most stable 
material chemically would be selected. A fortify- 
ing solution or composition may be applied as 
5 a separate coating or may be mixed with the 
above described reflection reduction coating 
lution with substantially no adverse effect as 
fo the eciency of said reflection reducing coat- 
ing. 
50 Anoçher surface reflection reducing solution 
consists of the suspension of colloidal silica in a 
substantially anhydrous solvent such as ethylene 
glycol mono ethyl ether. Of course, other liquids 
or mixtures of liquids may be used and the above 
5 are given only by way of illustration as they 
have been round workable and fo have desirable 
characteristics. In the case of a suspension of 
silica in water if may be desirable fo incorporate 
in the suspension a small quantity of a surface- 
ô0 tension-reducing ingredient such as a compound 
similar in ifs action fo the sulphonated higher 
alcohols. The production of the ethylene glycol 
mono ethyl ether suspension of silica particles 
is accomplished by incorporating the desired 
ô5 quantity of ethylene glycol mono ethyl ether with 
the calculated quantity of an aqueous suspen- 
sion of silica particles such as the silica aquasol 
referred to above. When ethylene glycol mono 
ethyl ether is used as the suspending means, it 
ï0 s desirable that at least most of the water be 
removed. The mixture of ethylene glycol mono 
ethyl ether and silica aquasol at a pli of less 
than 5.0 is accordingly heated to a temperature 
sucient to evaporate the water which volatil- 
75 izes more rapidly than the ethylene glycol mono- 



ethyl ether which bas a higher boiling point. If 
a sufficient reduction in volume bas taken place 
(about 10%) and if bas been round that suffi- 
cient water bas been removed the solution is 
thon ruade up to the original volume by the ad- 
dition of ethylene glycol mono ethyl ether and 
is then ready for use. A generally useful solu- 
tion. contains from 0.1 to 6% by weight of said 
sub-microscopie micro-gçanular silica Particles. 
A solution containing 3% silica particles bas 
been f0und most preferable and it is termed solu- 
tion A. Of course, for certain typs of coatings, 
such as for large areas, the ultimate dilution may 
be greater than the original strength of the so- 
lutions. A convenient way to lower the p to 
the desired extent is by the addition of hydro- 
chloric acid fo the ethylene glycol mono ethyl 
ether belote adding the silica aquasol. Other 
acids may be used, such as sulphuric acid, hydro- 
bromic acid, acetic acid, etc. 
After the application of the above described 
c0ating the said coating may be readily removed 
from the article by wiping if the coating, for 
sçme reason, is uneven or otherwise unsatis- 
factory. The coating is vgry resistant to the 
tack of many solvents as si!ica itself is extreme- 
ly insoluble and inert chemically. The eoating 
as produced is, however, not firmly adherent fo 
the substrate in all instances, an advantage in 
the reclaiming of defectively coated articles. 
To tender said coaing more resistantto wip- 
ing and handling, there is applied to the lïirst 
layeï oï fine!y divided micro-granular trans- 
parent partic!es a transparent binder layer 13 
which serres to anchor in position the discrete 
particles   forming the surface reflection reduc- 
ing layeï itself without completely filling in the 
spaces or pores between them. This binder layer 
sers and binds in place the discrete particles 
îorlhlg the surface refiection reducing iayer it- 
se!l. T_he binder layer does this at r.elative!y low 
temp.m'atures such as 100 ° C. or even af room tem- 
perature and can therefoïe be used for cemented 
0Pticat components, plastics and the like. 
This treatment is applied by means of a dilute 
solution of tetraethy!orthosilicate in an organic 
solvent such as ethyl acetate-denat'red alcohol 
mixture containing a small amount of hydro- 
chloric acid. This solution, when applied in a 
manner as described above and evaporated and 
allowed to react and set, becomes a binder for 
holding the minute sub-microscopc micro- 
granulaï anhydrous so!id particles in position s 
clums or irregu!arities and in firm contact with 
the substrate. Other organic solvents or mix- 
tures of such so!vents may be used, in which the 
ethyl silicate and. the acid are sol.ble, such as 
ethylene glycol mono ethyl ether, ethylene 
glyc01 mono:meth¥l ether, ethyl s!cohol, methyl 
alcohol, etc., butyl alcohol, and/or mi»'ures in 
such proportious and so selected as to give de- 
sirable evaporaion charcteristics. 
A binder coating solution is prepzed as £ol- 
lows: 
A stock solution of from 1 £o 10 Per Cent bY 
volume of tetr_aethy!orthosilicae, 0 t0 60 per 
cent by robe.me ethyl aeetate, I t.o !0 per cent by 
volume concentrated hydrç:chlorc acid and he 
balance ethyl alcohol. Denatured alc.ohol may 
be subsgtuted fo/the ethyl alcohol. A preferred 
stock solution is 45 per cent ef ehy ! acetate. 
5 l=er cent .of genatured alCohol, 5 per .cent 
of concentrated .hFdoch!oïic cid, and 5 per.cent 
of tetraethylorthosi]icate m.i,ed .in the 0rder 
.g1.ven. T.his gi:¢es a clear, colorless, stable stock 

solution term.ed solution C. An essential fea- 
tm'e of çhis solution is aging or several days be- 
fore use. The exact reason for this is not known 
but it is believed to be a partial decompositi0n 
5 of the tetraethylorthosilicate by the hydro- 
chloric acid resulting in an organo-sol 0f either 
hydrated or unhydrated silica. With the com- 
position set forth above, an aging of rom tWo 
to six days is desirable. The organic solvents 
10 used are given by way of illustration only. Other 
solvents which are miscible, such as methyl 
acetate, methyl alcohol, isopropyl alcohol, etc. 
my be used. 
This transparent binder coating does hot fill 
15 in the pores between the Sub-microscopic micro- 
granular particles but simply coats and anchors 
each partic!e in the related position which they 
bave assumed in the forming 0 the first coat- 
ing when applied at proper dilution. The .dilu- 
20 tion used depends upon the method of apli- 
cation. 
For example, if the article is to be spun af 
approximatelY 1000 1%. P. M., a solution con- 
taining appr0ximate $% tetraethylorthosilicate 
25 would be used; if it were to be spun ai 2.000 
t. P. M., a solution containing approximatÇly 
2 % tetraethylorthosilicatç; whi!e if the article 
were to be spun at about 4000 1%. P. M., a solu- 
tion c0ntaining about 3% tetraethylortho 
30 silicate would be used. Where the article was 
to be dipped and continuously withdrawn ai 
about 4 Juches per minute a solution containing 
tetraethylorthosilicate would he used, whi!e if 
if were to be withdrawn a the rate of 12 inches 
35 per .minute a solution containing about 1% wou.ld 
be preferred. 
If it is desired to remov this fortified Ç- 
fiection re.ducing coating hav.ing the b0rding 
coating applied to it, tlis can be doue by the 
40 use of dilute alkaline solutions, such as lilute 
sodium bydroxide solution, potassium hydr0xide 
solution or other solutions of like nature whch 
bave a solv.ent effect upon such binder coats. 
Afer suitable treatment wi.t h thç a!kaline cle.an. 45 ing solution the article is ushed with vater fo 
remov.e t!e exçess alkali and then may be wiPed 
and reprocesse.d, the article prior to rprocessing 
being in its pristine .condition. The dillte binder 
coating solution is prepared rom the stock 
50 solution C deseribed above. This stock compo.- 
sition is dilçte, d for producing binder c0ating 
sout.i0n by dfluti.ng oeith .sitable solvents, such 
.s ethyl acetate, ehyl alcohol and mixtures of 
these two or other kn0wn .desirab_le solvent.s such 
 ss isp.ropy! tçoh.ol, ethyl acçtate methyl acetate, 
e«. ntil-the sppl.cai0n Of one Or more binder 
co.ing.s doe.S no£ significantlF reduce the amount 
of s-urface refiec0n r.eduction Pr0duced by the 
first or boEse .co.ang. It OEs, of .course .obvious 
60 tloEs.t .by s able dfi.ution s.eyeral successiwe coat, 
,ngs qa.n be aPp!ied, withont fi!]ig in the inter- 
sces be.tw.een the particles and, in this marner, 
icresing mechanical sabilization .of the .first 
ïçflee.tion .reducing coating. 
6G T1)e !i.quids ,used fo_r lution shou:!d .be selected 
with de rgaz6_ to their..miscibility, evaporation 
rates, surface ten.s!on, etc., in accozdance wh 
the knox:n .art of !acquer and Paint formulation. 
The binder coati.rg olution 'may he applied by 
70 £h..e .saine gene.ral methods uÇ.ed i n applyng .the 
):.fiectioiq reducing or base .coating. 
T. he above .is an example of a pre.fer.rd :cp .t!g 
bnt ,other.binders in suiable dilution nd.solvnts 
a.y .be used suçh .as gelatin .in water, polyvinyl 
OE-5 alcohol .in water, .res!ns, etc: in organic So!vens 
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nd the like depending upon the use to which the 
resultant article is tobe put. 
rt bas also been ïound that other ïortifying 
ompositions may be used. For example, a 
dilute so]ùtion in water oï sodium silicate may be 
lSed, the dilUtion being such that the reflection- 
reduction Previously produced is hot destroyed. 
OEf the sOlUtion of the sodium silicate is too strong 
the rëflection-reduction will be interïered with. 
A 8lïitable composition consists oï water--200 
arts and sodium silicate--1 part by weight. 
This may be applied by dipping, spraying, spin- 
ning and the like. Upon drying the sodium sili- 
cate serves to bond the particles to each other 
and to the glass or article being treated thereby 
giving increased resistance to wiping. Iï de- 
sired, aïter the sodium silicate solution has been 
applied and dried the article may be treated witll 
dilute hydrochloric acid solution in water where- 
by the sodium silicate is decomposed and silica 
liberated which serres to bond together the silica 
particles which have been previonsly applied, the 
sodium chloride ïormed simultaneonsly being 
washed away by the water in the dilute acid 
solution. Other acids, of course, may be used 
this purpose such as nitric, sulphuric, acetic, 
hydrobromic, etc. 
In this case the use oï a colloidal silica sol is 
described. The aqueous sol, whfle quite effec- 
tive, is not as easy to apply nor as efficient, in 
general, as the ethylene glycol mono ethyl ether 
sol. The method described above ïor producing 
the ethylene glycol mono ethyl ether sol solution 
A; namely, the addition oï ïreshly distflled ethyl- 
ene glycol mono ethyl ether to the aqueous sol 
and the subsequent removal of most oï the water 
oï the aquasol while heating to approximately 
50 ° C., although nsable] iï obtained by the follow- 
ing method will be greatly improved upon. The 
heating operation ïor removing the moisture by 
ïollowing the first described method had tobe 
long continuation and was very critical, as the 
mixture had a tendency to jell or coagulate, 
whereby the silica particles had a tendency to 
separate from the solution and iï great care was 
not exercised the resulting composition was use- 
less and had tobe thrown out. 
It has now been ïound that itis a relatively 
simple marrer to produce such compositions by 
the addition to the ethylene glycol mono ethyl 
ether of approximately 1% of concentrated 
hydrochloric acid beïore the addition to the 
ethylene glycol mono ethyl ether of the aquasol. 
In ïact, itis possible to make a concentrated sol 
of the silica in ethylene glycol mono ethyl ether 
by the ïollowing method: 
A certain volume oï ethylene glycol mono ethyl 
ether is taken and fo if is added 1% of its volume 
0ï concentrated hydrochloric acid. A quantity 
of silica aquasol equivalent in volume fo the 
ethylene glycol mono ethyl ether is then added 
with stirring. The restflting mixture is placed in 
a flask and boiled vigorously until the volume has 
been reduced fo that oï the original ethylene 
glycol mono ethyl ether or somewhat less. The 
result is a concentrated ethylene glycol mono 
ethyl ether sol termed solution B which can then 
be used a master composition which is diluted as 
desired with miscible liquids, such as ethylene 
glycol mono ethyl ether, ethy!ene glycol mono- 
methyl ether, alcohol, ethyl acetate, etc. Ethy!- 
ene glycol monomethyl ether, ethylene glycol 
monobutyl ether, ethylene glycol monoethyl 
ether acetate and similar compounds may re- 
place the ethylene glycol mono ethyl ether vith 

advantages in some cases. Suitable mixtures of 
low, medium and high boiling point solvents may 
be used. The solvents described above are given 
only by way oï illustration as other organic sol- 
5 vents compatible with the aquasol and having 
boiling points above that oï water may be used. 
Even water may be used ïor diluting the organo 
sol concentrate. The use oï surïace active 
agents, that is, materials which reduce surïace 
l0 tension, makes it possible under some circum- 
stances to use the silica particles in the ïorm of 
an aquasol but ïor most uses the organosol, such 
as ethylene glycol mono ethyl ether sol is preï- 
erable. For example, a surïace active material 
15 such as palm-kernel off soap may be used in the 
amount oï ïrom .0.1 to .1 to 1% by weight based 
on the total solution. Dioctyl sodium sulfosuc- 
cinate in similar proportions is also effective. 
Dilution of the concentrated ethylene glycol 
20 mono ethyl ether sol with 4 fo 5 rimes its volume 
oï pure ethylene glycol mono ethyl ether gives 
a solution corresponding to solution A described 
above. 
Another solution ïound useïul has the ïollow- 
.25 ing composition: ' 
Parts by volume 
Butyl alcohol ............................ 
Ethylene glycol mono butyl ether .......... 10 
Ethylene glycol mono ethyl ether .......... '5 
30 Ethyl alcohol ............................ 150 
Solution B ............................... 50 
Another variant when used ïor dipping articles 
having large area, such as windows, window- 
panes, may bé ruade up as ïollows: 
35 30 parts oï silica aquasol are diluted with 2000 
parts of,methyl alcohol or acetone. In place of 
the silica aquasol an equal quantity of the ethyl- 
ene glycol mono ethyl sol concentrate, solution B, 
described above may be used. A large sheet of 
40 material may be dipped in this composition, re- 
moved immediately and allowed to drain and dry. 
Aïter drying, a second coat is applied in like 
manner and drained in the opposite direction to 
equalize the coating. For foriïying the coating, 
45 that is rendering it more resistant to abrasion, 
this may be ïollowed by a single dip consisting 
2000 parts acetone or alcohol and 200 parts of an 
aged tetraethylorthosilicate composition consist- 
ing of 45 per cent denatured alcohol, 50 per cent 
5o ethyl acetate, 5 per cent hydrochloric acid and 5 
per cent tetraethylorthosilicate, solution C. 
After having been dipped in this last composi- 
tion, removed as above, and allowed fo drain and 
dry, the article is then heated to a temperature 
55 ïrom 50 to 100 ° C. ïor about an hour. Iï the 
article is of such a nature that it can be heated 
to a higher temperature than 100 ° C. the tem- 
perature to which it is heated may be raised to 
any desired extent within practical limits and 
60 the rime correspondingly shortened. 
It has been ïound that after the application 
a silica organosol to the sur,face of an article, in 
this case, glass, ïollowed by the ïortifying layer, 
the article may be advantageously heated nearly 
65 to the soïtening point oï the glass. This is par- 
ticularly desirable in the case oï protection lenses 
which are heat treated to increase their resist- 
ance to impact and in the case oï large areas, 
such as searchlight windows, which are heat 
70 treated to increase their resistance to çapid tem- 
perature changes and strong temperature gradi- 
ents. When treated in this way the resistance 
the coating is greatly increased over coatings 
which have been heat treated only fo the tem- 
7 perature of 100 ° C. A nsual temperature ïor such 
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heat treatment might be as high as 500 to 800 ° C. 
Itis usual to heat such articles to this tempera- 
ture for a period of 1 fo 5 minutes depending 
upon the thickness of the article and its other 
dimensions. The "hardening" or toughening is 
accomplished by subjecting the articles t0 a 
blast of cool air or other gaseoUs media. 
It has also been round that the îortifying layer 
can be ,formed simultaneously with the reflection- 
reducing layer by the addition of a tetraethyl- 
orthosilicate containing composition to the 
ethylene glycol mono ethyl ether-so!-containing 
solutions. The proper quantity fo be added de- 
pending upon the method of application but in 
all instances the amount being sufficient to pro- 
duce the fortifying effects desired wïthout ap- 
preciably reducing the reflection-reduCing char- 
acteristics. For example, a solution for both the 
production of a reflection reducing coating and 
for simultaneously fortifying said coating may be 
formed substantially as follows: 
Parts by volume 
Solution A ............................... I00 
Ethyl alcohol ............................ 18 
Ethyl acetate ............................ 18 
Tetraethylorthosilicate ................... 
I-lydrochloric acid ........................ 2 
The proportions of the above may be varied de- 
pending upon the use and method of application 
as described above. 
Another solution may be formed substantial!y 
as follows: 
Parts by volume 
Butyl alcohol ............................ !60 
Ethylene glycol mono butyl ether .......... 95 
Ethyl alcohol ............................ 450 
Solution B ............................... 100 
Solution C ............................... 50 
In general, the preferred solutions would bave 
formulae OEalling within the following appÆoxi- 
mate range of proportions: 
Parts by volume 
Ethylene glycol mono ethyl ether .... 97 to 133 
Ethyl alcohol ...................... 0 to 18 
Ethyl acetate ...................... 0 fo 18 
Tetr aethylor thosilicate ............. 1 to 3 
Concentrated hydrochloric acid ...... 1 fo 3 
and containing from 0.I to 6% by weight of the 
micro-granular particles colloidally dispersed 
therein. Pï'eferably said particles would be 
silica. 
The tetraethylorthosilicate may be added di- 
rectly as part of the mixture instead of being 
added in the form of solution C, the acid also 
being separately added in case the presence of 
ethyl acetate is objectionable, especially when 
coating plastics. 
Other suitable solvents may be used, such as 
heretofore referred to, having a due regard to 
balancing the evaporation rates etc. 
It has been observed that when a layer oî said 
silica particles of the unfortifled type bas been 
applied fo a glass surface that Writing Up0n ït 
with a metal point or with a pencil produces a 
mark. Upon wiping off the unfortified coating 
the mark is hot removed but reïnains as a per- 
manent mark on the glass sur,face. Identifica- 
tion or other desirable markings may be ruade in 
this manner. This may also lend itself "to the 
production of reticules. The mark may be 
plied to the fortifled coating, both coating 
mark being then relatively permanent. 
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For spraying the sol if is desirable to have a 
suitable balance of solvents. While the ethylene 
glycol mono ethyl ether sol in proper dilution 
with ethylene glycol mono ethyl ether is usable, 
5 the addition of other ingredients, such as higler 
bofling miscible solvents such as butyl alcohol, 
ethylene glycol mono butyl ether, ethylene glycot 
mono ethyl ether acetate and the like and the ad- 
dition of more volatile solvents such as ethyl al- 
i0 cohol etc. as above stated pr0duces better spray- 
ability whereby a more uniform coating is ob- 
tained with the usual spray gun. 
It has been round that the application of a 
layer of the nature described to the surface of a 
15 photographic print on paper or other material 
results in a great improvement in the range Of 
lights and shades delineated on the photo- 
graphic print. The ordinary photographic pfint 
ranges from perhaps 90% reflection of the ïn- 
e0 cident light (in the white portion of thé picturé) 
to perhps 10% reflectionin the black portions of 
the picture. By treatment, as described abbè, 
the "black" becomes blacker because the diluting 
reflected white light OErom the more or less glossy 
 surface Of the paper .is substantialty eliminated 
and the print then takes on the appearance e;f a 
ptatinum bromide print. 
The application of the base coaing of the na- 
ture described for surfaces of a photographic 
0 print is particularly effective in the case of photo- 
graphic prints ruade on marre paper such as is 
used for the highest grade photographic prints. 
It is not generally recognized how much dfluting 
white light is reflected from the black portions 
35 of a photographic print or marre paper untit a 
coating of the nature described has been applied 
for comparative purposes. Of course, the coating 
ïs also high!y effective on glossy prints. 
The application of such a surface reflection 'e- 
(0 ducing layer is also extremely effective upon off 
paintings whereby again the diluting whie 
light reflection is substantially etiminated and 
the true values of the cotors are visible to an 
observer vithout the necessity of etaborate light- 
45 ing arrangements. In fact, even under the most 
elaborate lighting arrangements the effect is not 
as satisfactory as in the case where the above 
described reflection reducing coating is applied 
because of the roughness of texture of the Sur- 
50 face of the oil painting, which rendors it im- 
possible to eliminate all reflection by modifica- 
tion of either direct or indirect light. 
The surfaces of maps protected by glossy coat- 
ings may atso be ruade tess refiecting and more 
66 readily visible by means of the coating described 
above, with the said coating f unctioning also as 
a preservative either for the off paintings or maps 
or any articles to which it may be applied. 
In ceitain optical instruments it is desired t0 
60 obtain the effect of front surface mirrors. Ordi- 
nari!y this requires the reflecting coating to be 
placed on the front of the article, ttowever, the 
use of a transparent material with the reflecting 
surface on the back but having a coating of the 
6 nature described aboçe on the front surface 
cornes in effect a front surface mirror in that 
the annoying and objectionable refiections from 
the transparent front surface are substantially 
eliminated whereby the double image effect is 
70 removed. 
It is general!y considered that dispersions of 
olid and liquids, cutomarfly called cotloidat 
.ç'.olutions, are ot true solutions. For conven- 
ience, epplicant uzes the terre "solution" for 
7 such co!loidal suspensions of ïnicroscopic, micro- 
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granular, isometric particles in liquids. The 
mixtures which are called "solutions" are liq- 
uids filterble under certain conditions and for 
all practical purposes may be considered as solu- 
tions. A very wide variation in the actual sol- 
vent composition may be ruade in order to adapt 
the solutions for use with widely varying meth- 
ods of application by following the teachings set 
forth herein. Stock solutions of the coating mix- 
ture disclosed herein may be provided in which 
instances solvents may be added according to the 
particular intended use. 
From the foregoing description, it wfll be ap- 
parent that simple, efficient and economical 
means and methods bave been provided for ac- 
complishing all of the objects and advantages of 
the invention. 
I claire: 
1. A substantially non-gelling composition 
adapted to reduce refiections of light from the 
surface of an article treated therewith, said com- 
position consisting essentially of a colloidal sus- 
pension of submicroscoiic microgranular parti- 
cles of solid anhydrous transparent inorganic 
compound substantially uniformly dispersed in a 
volatile water-miscible liquid inert to the par- 
ticles, said particles comprising from about 0.1 
to a.bout 6.0 per cent by weight of the suspen- 
sion, and said particles being approximately iso- 
metric in shape, less than a quarter wave length 
of said light in size, and of a discrete nature as 
opposed to particles of a gel-like nature having 
matting characteristics on separation from the 
volatile liquid whereby the particles will Prie 
themselves in mounds on a given surface treated 
with the composition upon volatflization of the 
liquid. 
2. A substantially non-gelling composition 
for reducing refiections of light from the surface 
of an article, said composition consisting essen- 
tially of a colloidal suspension containing from 
about 0.1 to about 6.0 percent by weight of sub- 
microscopic, microgranular, discrete particles of 
solid anhydrous transparent inorganic com- 
pound substantially uniformly dispersed in a vol- 
atile water miscible liquid inert to the particles 
whereby the composition retains a substantially 
constant viscosity with ageing, said particles be- 
ing apçroximately spherical in shape and Iess 
than 625 angstroms in diameter whereby the 
particles will Prie themselves in mounds on a 
given surface treated with the composition upon 
volatflization of the liquid. 
3. A substantially non-gelling composition 
for reducing reflections of light from the surface 
of an article, said composition consisting essen- 
tially of a colloidal suspension containing from 
about 0.1 to about 6.0 percent by weight of sub- 
microscopic, microo-ranular, discrete particles of 
solid anhydrous transparent silica substantia.lly 
uniformly dispersed in water whereby the com- 
Position retains a substantially constant viscÇs- 
ity with ageing, said particles being pproxi- 
mately spherical in shaie and from approxi- 
mately 600 to 625 angstroms in diameter where- 
by the particles will prie themse!ves in mounds 
on a given surface treated with the composition 
upon volatilization of the water. 
4. A substantially non-gelling composition 
for reducing refiections of light from the surface 
of an article, said composition consisting essen- 
tially of a colloidal susiel_sion containing from 
about 0.1 to about 6.0 percent by weight of sub- 
microscopic, microgranular, discrete particles of 

14 
solid anhydrous transparent silica substantially 
uniformly dispersed in a volatile water miscible 
organic solvent inert to the particles whereby the 
composition retains a substantially constant vis- 
5 cosity with ageing, said particleæ being approxi- 
mately spherical in shape and from approxi- 
mately 600 to 625 angstroms in diameter where- 
by the particles wfll pile themselves in mounds 
on a given surîace treated with the composition 
10 upon volatflization of the liquid. 
5. A substantially non-gelling composition 
for reducing refiections of light from the surface 
of an article, said composition consisting essen- 
tially of a colloidal suspension containing about 
15 three percent by weight of submicroscopic, 
microgranular, discrete iarticles of solid anhy- 
drous transparent sflica substantially uniformly 
dispersed in a volatile water fniscible liquid 
ert to the particles whereby the composition re- 
20 tains a substantially constant viscosity with age- 
ing, said particles being approximately spheri- 
cal in shape and less than 625 angstroms in di- 
ameter whereby the particles wfll Prie themselves 
in mounds on a given surface treated with the 
25 composition upon volatilization of the liquid. 
6. A composition for reducing reflections of 
light from the surface of an article, said com- 
position consisting essentially of from a fraction 
of 1.0 to '3.0 percent by weight of tetra-alkyl- 
30 orthosilicate intermixed with a colloidal sus- 
pension containing from about 0.1 to about 6.0 
percent by weight of submicroscopic, micro- 
granular, discrete particles of solid anhydrous 
transparent inorganic compound substantially 
35 uniformly dispersed in a volatile water miscible 
organic solvent inert to the particles, said par- 
ticles being approximately spherical in shape and 
less than 625 angstroms in diameter, and said 
tetra-alkyl-orthosilicate being held in the eom- 
4o position in a substantially undecomposed state. 
7. A composition for reducing reflections of 
light from the surface of an article, said com- 
position consisting essentially of about 1 percent 
by weight of a tetra-alkyl orthosilicate in sub- 
45 stantially undecomposed form mixed with a eol- 
loidal suspension containing from about 0.1 to 
about 6.0 percent by weight of submicroscopic, 
microgranular, discrete particles of solid anhy- 
drous transparent sflica substantially uniformly 
50 dispersed in a volatile water miscible organic sol- 
vent inert to the particles, said sflica particles 
being approximately spherical in shape and less 
than 625 angstroms in diameter. 
8. A substantially non-gelling composition for 
55 reducing refiections of light from the surface of 
an article, said composition consisting essentially 
of a colloidal suspension containing from about 
0.1 to about 6.0 percent by weight of submicro- 
scopic, microgranular, discrete particles of solid 
co anhydrous transparent inorganic compound sub- 
stantially uniformly dispersed in the mono ethyl 
ether of ethylene glycol whereby the composition 
retains a substantially constant viscosity with 
ageing, said particles being approximately 
c5 spherical in shape and less than 625 angstroms 
in diameter. 
9. A substantially non-gelling composition for 
reducing reflections of light from the surface of 
an article, said composition consisting of an aqua- 
;o sol containing from about .01 to about .1 percent 
by weight of palm-kernel soap and from about 
0.1 to about 6.0 percent of submicroscopic, mi- 
crogranular, discrete particles of solid anhydrous 
transparent inorganic compotmd substantially 
75 uniformly dispersed in a volatile liquid inert fo 
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the particles whereby the composition retains a 
substantially constant viscosit .with ageing, said 
particles being approximately spherical in shape 
and less than 625 angstroms in diameter. 
10. A substantially non-gelling composition 
for reducing reflections of light from the sur- 
face of an article, said composition consisting of 
an aquasol containing from about .01 to about 
.1 percent by weight of dioctyl sodium sulfo- 
succinate and from about 0.1 to about 6.0 percent 
of submicroscopic, microgranular, discrete par- 
tices of solid anhydrous transparent inorganic 
compound substantially uniformly dispersed in a 
volatile liquid inert to the particles whereby the 
composition retains a substantially constant vis- 
cosity with ageing, said particles being approxi- 
mately spherical in shape and less than 625 ang- 
stroms in diameter. 
11. A substantially non-gelling composition 
for reducing reflections of light from the sur- 
face of an article, said composition consisting 
essentially of a colloidal suspension containing 
from about 0.1 to about 6.0 percent by weight 
of submicroscopic, microgranular, discrete par- 
ticleS Of solid anhydrous transparent material 
selected from the group consisting of magnesium 
fluoide, lithium fluoride, strontium fluoride, cal- 
cium fluoide, barium fluoride and cryolite, said 
particle being substantially uniformly dispersed 
in a volatile liquid inert to the particles, and 
said particles being approximately spherical in 
shape and less than 625 angstroms in diameter. 
ï2. A Composition for reducing reflections of 
light from the surface of an article, said coin- 
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position consisting essentially of a colloidal sus- 
pension containing from about 0.1 fo about 6.0 
percent by weight of submicroscopic, micro- 
granular, discrete particles of solid anhydrous 
5 transparent inorganic compound substantially 
uniformly dispersed in a volatile liquid inert to 
the particles, said liquid embodying a mixture 
by volume of from 97 to 133 parts of the mono- 
ethyl ether of ethylene glycol, from 0 to 18 parts 
of ethyl alcohol, from 0 to 18 parts of ethyl ace- 
tare, from 1 to 3 parts of substantially undecom- 
posed tetraethylorthosilicate, and from 1 to 3 
parts of hydrochloric acid, and said particles 
being approximately spherical in shape and less 
15 than 625 angstroms in diameter. 
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